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Co\rr: LANDS A T image of southwestern Nicaragua and northwestern Costa 
Rica. The volcamtes extendirtg into Lake Nicaragua lie above the subducting 
Cocos plate to the west. The Santa Elena peninsula in the south is part of a Ijate 
Cretaceous ophioUte accreted onto the Caribbean plate. 
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Executive Summary 


Introdhiction 

The Caribbean plate is a geoio^cal feature which is bounded to the north by the Greater Ant^n Wttvfe 
(extending from Jamaica to Puerto Rico), to the CMt by the Lesser AntiOn (cxtencfo^ from dw 
blands to Grenada), to the south by the northemnwst portion of the South American continent, wd to the 
west by the west coast of Central America. It is one of several semi-ri^ bodies, referred to as tectonic 
plates, which form the outer portion of the solid earth. Motkms of these [^tes in relatkm to one another are 
responsible for the maK>rity of earthquakes that have occurred in Imtoric time. On a geolo^cal tone scde, 
the relative motions of tectonic plates are responsible for the formation (rf continental mounts cha^ and 
for the concentration of mineral deposits within certain portions the earth's crust. 

Profect Goals and Strategy 

The Caribbean Plate Project envisioned in this proposal is an interdiscipUnary, multi-institutkmd, 
scientifk pr<^ect designed to improve current understanding of geobgkai resources and g«)lo9ad hazards 
within the Caribbean region. The twin goals of the Project are: 1) to devek^ improved models min^al 
occurrence and genesis (including energy resources) on a regional sede, wNch can contriixite to future 
nonrenewable resource investigations, and 2) to develop improved models of lithospheric stress aiKi strain 
on a regional scale, which can eventually contribute to forecasting geological hazards such as earthquakes 
and major volcanic eruptions. These goals will be addressed through the synthesis of availaUe ^obgcd 
information and through research using new tools provided by space technok^ for the study of the earth’s 
crust. The Project has been organized in a thematic fashion, to focus on specific geolo^cal aspects of the 
Caribbean plate which are considered to be key factors in developing the types of mocfols described above. A 
condensed description of these scientific themes is provided in Section II and a more thorough cUscussion is 
presented in Appendix A. 

The Caribbean Plate Project is unique in two respects. First, the Project would adopt a sync^tic 
perspective in seeking to characterize the three-dimensional structure, composition, state of stress, and 
evolution of the entire Caribbean plate. No previous geological study of this nature has attempted to model a 
tectonic plate of this size and complexity in such a comprehensive fashion. Secondly, the Project seeks to 
apply existing space technology to the study of the earth’s crust and lithosphere in new and iniwvative ways. 
Electromagnetic remote sensing and potential held measurement techniques, which have been developed 
for use at orbital altitudes, are not viewed as replacements for conventional methods of geological research. 
Rather, geological information derived from analysis of space-acquired data can be combined with informa- 
tion provided by conventional methods to obtain new insight into the structure, compe^tion, and evolution 
of the earth’s crust. In addition, very long baseline Interferometry (VLBl) and laser ran^ng techniques, v^kh 
are also based upon the use of space technology, obtain unique information concerning crustal motion that, 
in turn, provides insight into the distribution and localization of crustal stress. 

Significance of Caribbean Geok>gy 

The Caribbean region is an important source of nonrenewable resources at the present time, and its 
importance as a producer of geoiogicai commodities is likely to increase in the future. The re^on now 
exports signifkant quantities of oil, bauxite and alumina, and copper. It also produces mineral resources of 
strategic importance such as manganese, tungsten, and chromium. There is a fong hktory of exploration 
and mining of precious metals within the Caribbean. The oldest and largest open-|xt gold mine in the 
Western Hemisphere is found here. 
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In addition to geological resources, the Caribbean also contains diverse geolo^al hazartte wMch 
threaten the lives and livelihood of its inhabitants. Major earthquakes occur relatively freqiwntHtt particularly 
in Central America. In the last ten years, major earthquakes in Guatemala and Nicaragua have kttied tens of 
thousands of people, and have devastated national economies. Volcanic eruptions also occur frequently 
within the region, resulting in loss of life and livelihood. For exam|;de, inhabitants of two islands in the Lesser 
Antilles, Guadeloupe and St. Vincent, have had to be evacuated from threatening explosive eruptions of 
neighboring volcanoes. 

Finally, the Caribbean possesses several distinctive geob^cal characteristics which are of interest frcun 
a purely scientific point of view. The Caribbean plate is one of the smallest lithospheric i^ates with readily 
recognizable tectonic Ixjundaries. The Cayman Rise, a miniature seafloor spreadii^ center, forms part of the 
boundary. Elsewhere both convergent and transform boundaries are well developed, so the plate contains 
examples of all essential plate boundary features. Oceanic crust is being actively subducted beneath its 
eastern and western margins, and volcanic arcs are currently being constructed. !n the Lesser Antilles, 
Atlantic oceanic crust is underthrusting Caribbean oceanic crust; whereas in Central America, oceanic 
crust forming the Pacific seafloor is being subducted beneath a block of continental crust. Contrastir^ styles 
of volcanism at these opposite margins provide insight into the manner in which crustal material is 
reprocessed by plate tectonic processes, and in how contirunts nucleate and ^ow. 

Project Organization and Management 

The Caribbean Plate Project will encourage an interdisciplinary approach to crustal research and 
modeling. Scientific investigators will be organized into working groups which will meet regularly to 
exchange data and results and to coordinate future research activities. These working groups will address 
the major scientific themes of the Project described in this document. 

A Steering Committee will be formed to provide overall scientific guidance for the Project. The Steering 
Committee will ensure that; 1) a synoptic overview of Caribbean plate geology is maintained, 2) working 
groups strive toward Project goals, and 3) existing space technology is fully employed and fairly evaluated. 
The Steering Committee will consist a of chairman, working group leaders, the Project management team, 
and representatives of funding organizations. 

The Lunar and Planetary Institute (LPI), operated by the Universities Space Research Association, will 
be responsible for the technical management and administration of the Project. Over the years, the LPI has 
demonstrated the capability to assemble geoscientists with relatively narrow individual interests and to focus 
their combined talents on problems of a broader nature. On the basis of this past experience, the LH is 
considered to be ideally qualified to manage the Caribbean Plate Project. The Director of the LPI will serve as 
Project Manager, and specific members of the LP' staff will fill the roles of Pro^t Scientist and Project 
Administrator. These individuals will also serve o.r the Steering Committee. The LPI will provide a variety of 
logistical and administrative services to support the overall aims of the Project. 

Summary 

The Caribbean Plate Project represents a unique opportunity to apply a new set of techndogical tools 
to the study of the earth’s crust and lithosphere. The Project also represents a challenge to earth scientists to 
develop improved models of regional metallogenesis and crustal stress through the synthesis of conven- 
tional geological information and the arialysis of data acquired from space. The Caribbean Plate Project will 
provide an interesting test of whether this approach can be applied profitably to synoptic scale studies of the 
geology of the Earth. 


I. Project Description 

A. Historical Background 

That mterest in the geology of the Caribbean re^on has grown si^iitkantly over the past two decades 
has been due in part to increased international demantte foi nonrenewable resources. A series natural 
disasters, the 1972 Managua, ami 1976 Guatemalan earthquakes and the 1976 eruption of La Soufri6re, 
Guadeloupe, have also led to intensified stiKiy of tectonic and volcanic processes withm the r^on. One 
indication of this ^wing interest has been the fcmnulation of a scientUic initiative in 1977, (Pititled “Geology, 
Geoi^ysics, and Resources of die Caribbean,” the intent vdiich was to comtme land-based studies of 
Caribbean geology with marine geophysical studies (d the Caribbean ocean floor. Tlus initiative was 
submitted to the International Decade of Ocean Exploration (IDOE) sponsored by the United Natkms 
Educational, Scientific, and Cultural Organisation (UNESCO). The proposed initiative was not imple- 
mented due to organizationai problems and to lack of research funds. A further indication mowing mterest 
in Caribbean geology was the large and enthusiastic attendance at the Ninth Caribbean Geological 
Conference, which was held in the Dominican Republic in Au^st, 1980 The economic geology pcNrdon of 
this meeting, in particular, surpassed all recent attendance records. 

NASA’s Office of Space and Terrestrial Applications received a preliminary proposal for a geolo^al 
research project focused on the Caribbean in March, 1978. This proposal was based upmi two workshops 
held at the Lunar and Ranetary Institute (LPI) in January arxl February of 1978 on the theme “Caribbean 
Plate and Geodynamics.” The proposed project concentrated primarily upon studies of tectcmic processes, 
geothermal resources, and volcanic eruption phenomena in Central America. The proposed study was not 
implemented due to the untimely death of the project organizer. Dr. Thomas R. McGetchin, and to the lack 
of a geological applications staff at NASA Headquarters. 

In February, 19^, the Director of the LPI convened a meeting of selected geoscientists with extensive 
experience in Caribbean research to reconsider the concept of a Caribbean pr<^t. This group, chaired by 
Dr. Kevin Burke (State University of New York, Albany), felt that a broad scale study of Caribbean geology 
employing existing space technology could make a significant contribution to understanding the geological 
resources and hazards within the region. The group concluded that such a study should treat the Caribbean 
plate in its entirety, rather than focus upon a particular plate boundary. 

The {participants in the February, 1980, LPI meeting formed an ad hoc steerir^ group to (fevetop a 
strate^ for the env isioned Caribbean Rate Project. The group prepared a position paper entitled “A{^ica- 
tion of Space Technology to Caribbean Rate Science” which was formally submitted to NASA in August, 
1980. The group also organized a Caribbean Rate Workshop, which was held at the LR in September, 1980, 
in order to involve a broader spectrum of geoscientists in evaluating the need fcxr. and the potential 
contributions of the prr^xpsed project. The Workshop was attended by leading researchers from govern- 
ment and academia, as well as by economic gedo^ts from (^ate iiKlustry. The consensus of the 
Workshop was that: 1) there exists a definite need to provide a focus for the diverse interests of various 
geological investigators working in the (>tribbean, and 2) the Caribbean region represents a challenging test 
site for evaluating the geological utility of space methods and technology. Based in part upon the conclu wns 
of this meeting, the LPI has developed this scientific plan k>r the proposed Caribbean Plate Project. 

B. Goals 

The Caribbean Rate Project will be an interdisciplinary, multi-institutkmal, scientific project designed to 
improve current urxierstanding of geoio^al resources and hazards within the Caribbean re^wi. The 
Project has two major goals. 
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The first goal is to develop improved regional models of mineral occurrence and genM» wNch can 
contribute to future tronrenewable resource investigations. The Caribbean ccmtams diverse gcdo^cal 
environments and represents a unique natural laboratory for the study of nr^neralization processes. Fw 
example, the eastern, northern, and western boundaries of the plate consist volcanic arcs which have 
been constructed through tectonic plate subduction. Yet the types of miners^ deposits found along each 
plate margin differ significantly. The Lesser Antilles Islands to the east have formed tlvtxig^ the partial 
melting of Atlantic oceanic crust which is currently being subducted beneath the oceanic crust of the 
Caribbean. In contrast, much of the Central American volcanic arc to west is being constructed by the 
underthrusting and partial melting of the Pacific seafloor beneath a block of continental crust. The Greater 
Antilles to the north represent the eroded remnants of an earlier arc system. Detailed study of the typ^md 
modes of occurrence of mineral resources in these contrasting geological settings win provide inn^t into 
metallogenesis in island arc environments. Similarly, comparison of oil and gas occurrences at the southeast 
(Trinidad), southwest (Maracaibo Basin, Venezuela), and northern (Dominican Republic) bourrdaries of the 
Caribbean plate will provide insight into tl« formation of hydrocarbon deposits in different sedimentary 
environments commonly found along continental mar^ns. 

The second goal of the Project is to develop improved regional models of lithospheric stress and strain 
which will contribute to forecasting geological hazards such as earthquakes and major volcanic eruptions. 
Large compressive stresses caused by the collision of tectonic plates are currently concentrated at the 
eastern and western margins of the Caribbean. The northern and southern boundaries of the plate are zones 
of shear stress, similar to that which exists along the San Andreas Fault of North America. Earthquakes are 
common occurrences along the Caribbean plate boundaries, as evidenced by the Managua earthquake of 
1972, and the Guatemalan earthquake of 1976. In addition, volcanic eruptions occur with greater frequency 
in Central America than anywhere else in the Western Hemisphere. The threat of a major explosive eruption 
at La Soufri^re, Guadeloupe, as recently as 1976, led to an evacuation of 70,(X)0 people for 3H months. These 
geological hazards pose major threats to the lives and livelihoods of the region’s inhabitants, and historically 
have disrupted the entire economies of individual nations. The frequency and intensity with which 
hazardous events occur make the Caribbean a unique natural laboratory in which to study such 
phenomena. As in the case of metallogenic studies, improvements in models of crustal stress and strain 
based upon research in the Caribbean will be applicable in other parts of the world as well. 

C. Research Themes 

The Caribbean Plate Project will focus thematically on key research areas which are considered to be 
critically important in meeting the goals of the Project. These themes were identified by the Caribbean Plate 
Workshop held at the LPI in September, 1980. They are presented in outline form in Section U. A more 
detailed description of topical research problems related to these themes is provided in Appendix A of this 
document. The themes are; 

GEOLOGICAL HISTORY OF THE CARIBBEAN PLATE 

(1) Evolution of island arcs 

(2) Temporal changes in tectonic regimes 
CHARACTERIZATION OF THE PLATE INTERIOR 
ACTIVE PROCESSES AT THE PLATE BOUNDARIES 

(1) Structural and tectonic variations 

(2) Volcanic variations 

MINERAL RESOURCES: OCCURRENCE AND GENESIS 


D. Strate^ 


Th« goals of the Caribbean Plate Proi«:t wtfl be addressed through; 1) interdaciiritiiary ^nthM» of 
existing geological information obtained by conventional techniques, and 2) intercKscii^inary Mtalysw of new 
types of geoto^cai data obtained through the use of ^>ace technology. Limitatkms in existing Carft^wt 
plate nxxfels stem partly from the size and gedo^al comf^xity of the i^ate itself, and partly frcxn the 
linguistic and political isolation of small research communities. The meetings prior to the formulation ci the 
Project pointed out the need for improved communicatkm between investigators with different discipynary 
backgrounds. The Project would provide an opportunity to make this improvement. 

The importance of maintaining a synoptic perspective in examining the geology of the entire Caribbean 
plate leads directly to the second element of the Pre^t strate^: namely, the utilization of space methods 
and technology. Space technology is inherently global in nature and can be used to obtain unique types of 
geological information at unique scales. It is ideally suited to the study of large-scale crustal features. 
Furthermore, space data acquired at synoptic scales can be used to perform comparative studies of key 
localities in a manner which could have a major impact upon our understanding of Caribbean plate geology. 

The utility of existing space techniques for crustal research was a major discussion topic at the 
Caribbean Plate Workshop. The Workshop concluded that geological information obtained through the use 
of space methods could provide major insight into crustal structure, composition, stress, artd strain; partic- 
ularly if such information were analyzed in combination with geological information obtained by conven- 
tional techniques. Workshop participants were of the ofxnion that the Project would also provide an 
opportunity for meaningful evaluation of the actual utility of existing space technob^ for geological 
applications. 


E. Organization 

Scientific investigators participating in the Project will be organized into interdisciplinary working 
groups which will address the research themes outlined above. Working groups will operate with a certain 
amount of autonomy. Each will meet regularly to exchange data, results, and problems, and to coordinate 
future research activities. Each group will be headed by an individual referred to a* tlie ^jvorking group leader. 

An important feature of the Project will be the formation of a Steering Committee to provide overall 
scientific guidance. The Steering Committee will consist of working group leaders, the F oject management 
team, and representatives of funding organizations. It will ensure that; 1) a synoptic overview of Caribbean 
plate geology is maintained, 2) working groups strive toward overall Pr<^ct goals, and 3) the utility of 
existing space technolo^ is tested and evaluated fairly. Communication among the working^oups will take 
place through the representation of working ^oup leaders on the Steering Group, arxi thrrxigh plenary 
meetings of project participants which will be held on an annual basis. 

The Lunar and Planetary institute will be responnble for technical management and administratkm of 
the Project. The Director of the LPl will serve as Project Manager, and speclfx; members of the LPI staff will 
serve as Prefect Scientist and Project Administrator. The LPI will provitk a variety of administrative and 
logistical services to support the overall aims of the Project. These are discussed in greater detail in Section 
III. 


F. Schedule 

The project is tentatively expected to teike place over a period of five years. This schedule may be 
modified if necessary, depending upon prelimirraryt results and the availability erf funefing in subsequent years. 
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G. Products 

The final products of the project will consist o( the following; 

1) A compilatkMn of research papers produced by tndividuai investigators during the course of the 
project. 

2 ) A t hematic atlas of t he Caribbean plate. The at I m will comist matidy overly sheets at a scdc oU*J 
M (34* X 18' sheets). The base-map for the overlays will be a conttemed verskm tlw i:2.5 M scde map of 
Caribbean geology and tectonics by Case and Holcombe tl960). The themes ttustrated in the atlas would 
include some data sets that have been comf^d and pubfished previously (e.g., gravity anomalies, Bowin, 
1976), and others that are new. Some themes which would be included are: 

i) Surface and satellite (GEOS3) gravity 

ii) Surface and satellite (POGO, OGO, MAGSAT) magnetics 

iii) Satellite altimetry and geoid anomalies (SEASAT, GEOS-3) 

iv) Heat flow 

v) Crustal structure from se»micity 

vi) Hypocenters and selected focal mechanttms of recent sewmicity 

vii) Small-scale lineaments and circular structures 

viii) Mineral Deposits 

ix) Quaternary tectonism 

x) Quaternary volcanic centers and geothermd potential. 

Some of these data sets, as well as others, will be needed by investigators during the course of the 
project. Interim products will include compilatio -)f all relevant Lancet and spacecraft intagery, d all 
available radar imagery including Seasat SAR <‘ vJ 5^'uttle Imaging Radar, and of ail the local specialized 
photography, such as IR surveys. 

3) A final report, containing a summary evaluation of the contribution of space technology to the results 
of the project prepared by the Steering Group, and a set of overview p^|>ers prepare by the working groups. 
These papers would be based upon the themes outlined in the next section. They would attempt to provide 
some answers to questions such as the following: 

i) What were the original petitions of the American and African continents before rifting? 

ii) How was the Caribbean plate thickened by igneous activity during the Late CretaceexiS and what are 
the properties of the Caribbean lithosphere today? 

iii) How were the components of the Cretaceous island arcs originaily deposed? 

iv) When were the important tectonic events end how were these events related to plate interactions? 

v) Why do the j^ate boundaries display such a great lateral variety of tectonism and non-ri^ belravior. 

vi) How much nrtagma and volatiles are currently being generated beneath, and how much reach the 
surface at the two Caribbean arcs? 

vii) What are the roles of the transverse structural breaks at the Central American subduction zone in 
the genesis of mineral deposits? 

These products will be completed within one year of the termiiration of the Project. 


II. Project Research 


A. Geological Hbtory of the Caribbean Plate 

Island arc evolutton 

The rclatn^ moltoftt the North American, African and South Amtrtam plates Mid of the plates the 
eastern Pactfic have produced convergent boundaries to the CMtt>be«i since the Cretaceous. The active 
arcs cd Central America and the Lesser Antflies the wnt and east can be related to present-day plate 
motions. The older arcs of the Greater Antilles and northern South America are results of earber periods of 
convergence which are less well-defined. In order to improve the definition of these earner episodes of 
emtvergence, mcreases in our current levd of understanebng «mU be mjuirMi in two areas: (a) the Kfosoac^ 
motions of the North and South American plates with reflect to Africa and each <Hher, (b) the prt-rtfting 
cemfiguratkm oi the pre-Mesoz<^ cemtinents. Satellite and marine geophysied studies of key areas such m 
the Chortw block (N. Central America) will be required, condiined with ground-based structural aniJysis. 
The interdependertce these convergent zone phenmnena with associated strike-skp movement and 
back-arc spreathng also requires thoiXHigh evaluation, as for examj^ in anaiystt potentid fidd data 
acquired over the Yucatan Basin. 

Temporal changes in tectoidc regimes 

It is apparent that certain time periods in the geologicd develofMnent c4 the Caribbean saw fundamen- 
tal changes in tectonic behavior, and that these changes can be correlat«l, to varying degrees, with plate 
motions. The end of the Cretaceous, Middle Miocene, Late Oligocene, Late Miocene and Late Riocene are 
crucid periods of this nature in the more recent geok^ reemrd. These tectonic “nodes’* arc, however, far 
from well-defined in terms of intensity, style, extent or duration, particularly those of Cretaceous age. The 
potential is great for applying regional synthesis of local stratigraphic knowledge (which has irKreased 
dramatically in the last decade) to this problem. Structural mapping using LANDSAT arxi SAR in key areas 
may enable regional variatkxu to be determined and calibrated in conjunction with grcxind-based strati- 
graphy. The application of multichannel, seismic stratigraphic tcchiques to the refirwment of this tectonic 
record may prove of ntajor value particularly in the ocean basins. 

B. Characterization of the Plate Interktr 

The age of the oceanic crust of the Caribbean, its provenance, arKl the reason for its great thickness 
remain, after many years of research, unsolved problems. There is no immediate prospect their being 
resolved by Deep Sea Drilling. However, an integrated study of aU available evidence on the conH>ositbn and 
to the physical/elastic properties of the Caribbean lithosphere would contribute greatly to our understand- 
ing of how the plate evolved, its chemical and (^ysical heterogeneity, and its response to stresses. The 
products of such an investigation might be a series of detailed columnar sections through the plate in critical 
locations. Data rrwy come from a variety of sources. Combined analysis of SEASAT arxJ GEOS-3 altimetry 
data with MAGSAT iong-wavelertgth magnetometry would enable gravitational M»d ma^tetk constraints to 
be applied to such sectional nxxkls. Studies seismic wave propagation can supply details ui^>er ntantle 
structure and crustal anwotropy which may be related to an orignal se^loor spreatkng fabric. Information 
on the thermal state and chemical compexMtion the mantle could be supplied by studies of intraplate 
vokanism. The advent of VLK Mtd space laser ranging technok)^ provides opportunity to test the 
concept of a ri^ Caribbean plate. The rebtively sm^l size of the plate means that a modest network ai 
interconnected stations could monitor the behavior of the whole plate as it responds to the stresses due to 
rrwtkxns o4 the four major plates which surrovrxl it. 
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C. Active Processes at the i^te Boundaries 

Structural and tectonic variations 

The position and behavior of many parts of the boundary of the Caribbean plate are potMrhHidined. 
Diffuse zones of seismicity, sei»nic grips, large free-aar anomalies and geoid anomies are common at th<^ 
boundaries, particularly to the north and south. Magratudes the anomalies vary ra^ikly akmg the 
boundaries, as well. The present plate boundaries must be defined with greater fareciskm, both at the surface 
and at depth. In addition, the irregularities in the deformation of the mar^ns require explanidion. Several 
tools are available for this work. Local seismic networks exist in many of the anomabus areas the plate 
margin. The value of the data which they produce may be enharK:ed satellite tdonetry. Improved 
definition of mass anomalies obtained by utilizing both space radar altimetry and surface gravity measure- 
ments may enable a closer genetic relationship ,o be estaUished between mass arKMnaBes and tectonic 
behavior. SAR and multispectral data from selected regions will be emfdoyed to deckice neotectoiw 
histories. The measurement of current crustal deformation using VLBI and laser ranging techndo^es wyi 
help to define boundary stress fields for specific sections of the plate margin. Such information wtfl ^ in 
understanding and forecasting potentially destructive Caribbean earthquakes. 

Volcanic variations 

The contrasts between the Central American and Lesser Antillean volcanic arcs are striking, in terrr» of 
crustal setting, style and magnitude of volcanism. In particular, the rates of magma accumulation and 
eruption have been ur^qual over the past 100,000 years, which may be a function of rates of plate 
convergence at the two arcs: the Central American convergence rate is about three tin^ that of the Lesser 
Antilles. Estimates of aerial and submarine deposits, made using a variety of sampling, dating and remote- 
sensing techniques, will be required to evaluate this. Complementary to this estimate of the solid-product 
budget, a plate-wide estimate of the current volatile emission budget can be supplied by satellite and 
ground-based remote-sensing and aircraft sampling of eruptive gases and particles. Such data will place 
constraints on the presence and characteristics of shaUow-level magma bodies, on the probability of 
eruption and the potential hazards which they pose, and on rrKxlels of sulfur partitioning in the formation of 
sub- volcanic porpriyry coppers. An important component of Caribbean magmatism is the evolution of some 
volcanoes to form dacitic or large rhyolitic magma bodies which may be partially evacuated in explosive, 
caldera-forming eruptions. The frequency of occurrence and the processes responsible for the formation of 
SL'h calderas, which are potentially prime sites for massive sulphide mineralization, are not fully under- 
stood. Northern Central America, in particular, contains many calderas of different ages and in various 
states of preservation. Multispectral and SEASAT-SAR imagery are excellent tools for identifying and 
correlating these features. 

D. Mineral Resources: Occurrence and Genesis 

The Caribbean contains a large variety of mineral resources: some of global importance (bauxites, 
copper, gold, hydrocarbons) and others in large, poorly-explored areas which are covered by tropiczJ 
vegetation. There are some outstanding problems of unexplained ore element distribution, structural 
controls on mineralization, and characteriza< -jn of deposits and identification of exploration parameters 
that have significance beyond their regional settings. The localization of the W-Sb-Hg and Pb deposits in 
parts of northern Central America is such a problem. Its solution will require detailed investigation of 
trace-element and isotopic chemistries of both the ore and the parental igneous rocks, coupled with a 
detailed regional synthesis of their distributions and age relationships. Major transverse structural breaks in 


the plates at the subduction zone in Central Annerica have been proposed. The extent of the landward 
continuity of these breaks is unknown, but they may be pathways for mineralizing solutions, particularly 
Au-Ag-bearing solutions. Systematic remote-sensing investigations along the strikes of these structures 
would utilize SAR data for structural mapping and multispectral imagery of promising sites includir^ 
geobotanical interpretation of the densely-vegetated areas to the east. The origin of the Caribbean’s nu^r 
bauxite deposits in the western Greater Antilles is another unresolved problem which will reouire accurate 
dating of the deposits and an evaluatk>n of the role of late Cenozoic uplift in the laterization process, for 
which satellite image characterization of erosion surfaces would be employed. 


III. Project Organization 


A. Overview 


The Caribbean Plate Project is currently envisioned as a five year activity. The final products, including 
a compilation of publications, final report, and thematic atlas, will be completed within one year of the 
termination of the project. The Lunar and Planetary Institute (LPl), which is operated by the Universities 
Space Research Association, will be responsible for technical management and administration. An organiza- 
tional flow chart is presented below. The duties and responsibilities of individual elements of the Project are 
discussed in the following sections. 

PROJECT IMPLEMENTATION RESEARCH PLANNING 

AND EVALUATION 



WORKING GROUPS 

B. Technical Management 


The LPI will serve as a focal point for coordinating technical aspects of parallel research activities being 
performed by individual investigators. It will provide a variety of centralized services to assist individual 
investigators and to further the aims of the Project. The Director of the LPI will serve as the Manager of the 
Caribbean Plate Project, and will be responsible for all technical aspects of Project implementation. He will 
designate two members of the LPI staff to serve as Project Scientist and Project Administrator. 

The Project Scientist will oversee day-to-day operations of the Project. He/ she will supervise central- 
ized service tasks performed jt the LPI in support of the Project to ensure that such services meet the needs 
of the investigators. The Project Scientist will monitor the activities of the investigators and will strive to 
identify areas where increased communication and/or cooperation would be desirable. With the assistance 
of other LPI staff members, he/ she will ensure that individual investigators complete specific technical tasks. 

The Project Administrator will be responsible for budget administration and Project communications. 
He/she will organize workshops, seminars, and conferences, and will supervise the publication of Project 
reports. 
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The LPI staff will be augmented to conduct in-house research relevant to the Prc^t. LPI in-house 
research efforts will be directed towards interdisciplinary aspects of the Project that are not being adequately 
addressed by outside (non-LPI) investigators. LPI staff scientists will assist the Project Scientist in the 
technical monitoring of Project related investigations at other institutions. 

In view of the broad geob^cal scope of the Project, no single individual is qualified technically to manage 
all scientific aspects. In recognition of this, an interdisciplinary Caribbean Plate Project Steering Cmtmettee 
will be created to provide overall scientific guidance. The Director of the LPI will appCNnt the Chairman of this 
Steering Committee. The LPI Director will organize Project investigators into working groups which focus 
individually on specific research themes, and will appoint working group leaders. 

The Project Steering Committee will consist of the Chairman, the LPI martagement team (Prr^t 
Manager, Scientist, and Administrator), the working group leaders, and representatives of various fundii^ 
organizations. The Steering Committee will be responsible for ensuring that; 1) a synoptic overview of 
Caribbean plate geolo^ is maintained throughout the Project, 2) working groups strive towards Project 
goals, and 3) remote sensing, orbital potential field, and crustal motion measurement techniques are fully 
employed and fairly evaluated within the Project. The Steering Committee will provide a formal mechanism 
for maintaining close communication among the thematically-oriented working groups. 

The technical working groups within the Project will operate with a certain degree of autonomy. Under 
the guidance of an appointed leader, each working group will establish technical objectives related to the 
major research themes of the Project. Working groups will devise methods and timetables for obtaining 
necessary data, exchanging information and results, and discussing data interpretation and conclusions. It is 
expected that individual groups will meet at least semi-annually to evaluate progress and to coordinate plans 
for future research activities, while all Project investigators will be brought together to exchange interim 
results at an annual plenary conference. 

C. Support Services 

The LPI will provide the following services to support the Project: 

Data center 

The LPI will establish, within the framework of its existing facilities, a data center for the Caribbean 
Plate Project. This will include an up to-date library of articles and reports dealing with Caribbean plate 
geosciences, The information will be computer coded to facilitate rapid key word searches, which will 
maximize the usefulness of the library as an efficient research tool. The Data Center will also include a 
comprehensive Caribbean map and imagery collection. Ties will be established with other data centers, such 
as the EROS Data Center and the National Space Science Data Center, so that scientists working or. the 
Project can rapidly obtain additional products through the LPI. 

Cartographic services 

Although a great many maps of the Caribbean plate area exist, it is expected that there will be a 
requirement for additional cartographic products. For example, there will be needs to compile maps on a 
common scale, to create maps based upon space data, to prepare large-scale maps of specific test areas, etc. 
The LPI will furnish this cartographic support to investigators as required. A specific requirement, antici- 
pated at the onset, is for LPI to generate and continually to update a 1:5,000,000 thematic atlas of the 
Caribbean plate. The atlas wilt contain a variety of geologic, geophysical, geochemical, and resource 
overlays for use as generalized geologic maps. Data will also be compiled as cross sections, fence diagrams, 
and tables. A complete atlas will be published at the conclusion of the Project. 
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PuMcation services 

The LPI Publications Department will provide editorial and publications support to Project participants, 
as required, to produce camera-ready copy for various reports, journals, and volume pubikations. 

D. Reporting of Results and Expenditures 

Progress will be monitored through the foibwing series of reports prepared by the Project staff at the 
LPI. 

Monthly Financial Statement ■ A written statement will report monthly expenditures of Project-related funds 
to the appropriate sponsoring organizations. This statement will compare actual expenditures to total levels 
of authorized funding and to prevbus estimates of expenditure rates. 

Semi-Annual Progress Report ■ A written report will provide a summary of current technical accomplish- 
ments, a review and discussion of interim Project milestones, and an accounting of the overall Project 
budget. 

Annual Project Review - An oral presentatbn, accompanied by appropriate written documentation provid- 
ing a comprehensive review of recent progress and future plans, will be presented to Project sponsors by the 
I.PI Project staff. 


E. Final Products 

The LPI will produce the following products within one year of the termination of the Project: 

a) A compilation of relevant scientific and technical publications produced by Project participants 

b) A final report including 

- an overview of Project accomplishments within the major theme areas 

■ a state-of-the-art summary of geological models describing Caribbean plate resources and hazards 

- an assessment of the contribution made by space technology to the Project and recommendations 
concerning future technology development 

c) A thematic Atlas of the Caribbean plate based upon both space data and conventional geological 
information. 
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Appendix A: Resezurch Plan 

The four scientific themes outlined previously are discussed here in greater depth in order to emphasize 
the current levels of understanding, the outstanding problems and the approaches which the Project ntight 
adopt to solve them. 

A. Geological History of the Plate 

Island Arc Ev(dution 

Current Understanding The Caribbean plate is an exceptionally good area in which to study the 
evolution of the arc-systems that characterize convergent plate boundaries. Not only are there two 
contrasting active arcs in Central America and the Lesser Antilles, but the Greater Antilles provide a unique 
example of a complex arc system formed during the Cretaceous, only about 100 m.y. ago, and now, through 
later tectonics, exposed at levels ranging from those of the surface volcanoes and upperslope basin 
sediments to deep volcanic roots and metamorphic complexes. A similar tectonized Cretaceous arc 
complex, probably part of the same convergent system as represented in the eastern Greater Antilles is 
exposed in the offshore islands and coastal terrain of Northern Venezuela and was sutured to South 
America in Late Cretaceous time. 

Plate motions 

Understanding the nistorical development of the arc-systems of the Caribbean requires a clear idea of 
what the fit of the surrounding continents was before the floors of the Atlantic, Caribbean and Gulf of Mexico 
began to form. Of the three fits shown in Figure 1, the Bullard fit seems least likely to be accurate. The choice 
between the Le Pichon and Fox fit (several later published fits are close to this fit) and the Van der Voo fit 
depends on a number of as yet unresolved questions, such as whether the Chortis block of Central America 
came from within the Gulf of Mexico or from the Pacific. Van der Voo postulated a clockwise rotation of 
Africa and South America with respect to North America from his fit to that of Le Pichon and Fox in Triassic 
time. Whether there is any evidence for such a rotation is another unresolved question of Caribbean 
geology. Van der Voo’s fit closes the Gulf of Mexico tightly and leaves no room for the Chortis block, which 
in that case must have originated in the Pacific. The Le Pichon and Fox fit leaves room for Chortis in the Gulf 
(White, 1980). 

Evolution of the Caribbean since the time of its initial formation has been constrained by the motions of 
North and South America with respect to Africa. It is possible to display the continental motions by using, for 
example, the data of Sclater et al. (1977) to draw a line showing the track followed by South America with 
respect to North America through time (Figure 2). 

As the figure shows, between about 165 and 125 m.y. ago (roughly throughout Jurassic time) South 
America moved away from North America and ocean floor formed at spreading centers on the site of the 
Caribbean. Between 125 and 65 m.y. ago (roughly throughout Cretaceous time) South America converged 
with North America and Cretaceous arc -systems formed (now exposed in the Greater Antilles and coastal 
Venezuela). During the older Cenozoic (65 36 m.y. ago). South America and North America diverged anew, 
South America has moved westward, over the last 36 m.y., neither converging with nor diverging 
substantially from North America. 

Arc structure 

The easterly movement of the Caribbean plate with respect to North and South America during the 
Neogene (displayed as strike-slip motion on both northern and southern margins of the Caribbean), has 
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Figure 2 Motion of South America relative to North America since the Jurassic. Ages in m.y. compiled 
from Sclater et al. 1 97 7. The place on the South A merican plate at the location today (0) has moved along the 
path indicated over the last 165 m.y. 


exposed the interior of the Cretaceous arcs due to secondary associated vertical movement. We have a 
unique opportunity in the Caribbean to study all levels of arcs formed as early crusts on a young ocean floor 
(100-50 m.y. old). During the project, geochemical, petrological and structural studies of arc anatomy will 
help to reveal how the processes of formation and evolution of arcs on an ocean floor operate. For example, 
Donnelly and Rogers (1980) have identified a suite of “primitive island arc” rocks in the northeastern 
Caribbean which they consider to be representative of the earliest stages of evolution. Comparative studies 
of the numerous ophiolitic fragments, particularly at the northern boundary, will constrain the local 
spreading histories and obduction events with which the Cretaceous arcs were intimately involved. 

The later history of the Caribbean arcs that were formed in tfie Cretaceous involving strike-slip motions 
of hundreds of kilometers in complex plate boundary zones (Burke et al., 1980) is of special interest. The 
structures formed in the later Cenozoic arc exposed on-shore and are known offshore mainly from reflection 
seismic studies. 

Problems Two problems are of fundamental importance to our understanding of island arc evolution in 
the Caribbean. One is the prerifting configuration of the continents. This configuration is important because 
it defines the original crustal structure which the island arcs have subsequently modified. The second is that 
of the Mesozoic motions of the North American and South American plates with respect to Africa and with 
respect to each other. Although the approximate motions are known, details are not. It is difficult at present 
even to recognize the boundary between the North and South American plates in the North Atlantic. 
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Interpretation of the internal structure of the island arcs which formed during the Cretaceous reQuires 
that we be able to identify the effects of successive events which have since modified the arcs. The 
identification of such components: (i.e., the tectonic fabric of the arc basement, obducted ocean crust, 
high-pressure metamorphism, early (tholeiitic) and late (calc -alkaline) magmatism, uplift with block faulting, 
and strike-slip tectonism] has yet to be made in some areas. The integrated interpretation of these features 
over the full length of the arc is a challenging task. 

For the Cenozoic arcs of Central America and the Lesser Antilles, the characteristics and ages of the 
underlying crustal structures are unresolved problems. The southward migration and uplift of the Central 
American arc which led to the closing of the Panama isthmus during the Pliocene is poorly understood, as is 
the possible involvement of Cretaceous island arc rocks beneath the northern Lesser Antilles. 

Approach It is of primary importance to review and reassess the relative motions of the North and South 
American plates with respect to Africa. In addition, field geologi^.al studies are needed to resolve the question 
of the pre-rifting split. Landsat, Seasat-SAR and, perhaps alsi satellite-derived magnetic and gravity data 
may prove to be important tools in this respect. 

The problem of the integration of onshore and offshore dota in an area of strike-slip motion is difficult 
because different kinds of data are acquired in the two environments. Because the Caribbean islands expose 
so much well-dated Neogene sediment, onshore structures are correlated relatively easily with those 
offshore, where only reflection seismic and deep-sea drilling data exist. New techniques, such as SEASAT- 
SAR image interpretation onshore coupled with multi-channel seismic data offshore, may yield results that 
can be applied in other, more complex areas, such as coastal California and the Aegean. 

Understanding the evolution of the Lesser Antillean arc requires integration of marine seismic studies of 
the Aves Ridge, Grenada Trough and the Atlantic margin of the Caribbean with on-island studies of 
stratigraphy, structure, petrology, volcanism and geochemistry. Opportunities for the use of satellite- 
derived data are less strong here than in the roughly contemporary Central American arc, where the arc 
overlies a much more extensive land area. Resolution of potential field data across the Lesser Antillean arc is 
more likely to prove feasible. Seasat-SAR data will be especially valuable because much of the terrain is 
normally cloud-covered. 

Temporal Changes in Tectonic Regimes 

Current Understanding The complexities of plate motions and associated phenomena have left a varied 
record in the structure and stratigraphy of the Caribbe '.n. As Figure 2 shows, there have been obvious 
changes in the relative motions of the North American und South American plates. On a finer scale, the 
development of microplates has had a major impact on the tectonic history. Locating the pivotal points in 
tectonic development will help to focus attention on a) which arc the important parts of the stratigraphic 
sections to study, b) the applicability of regional syntheses of tectonic interaction, c) the properties of the 
crust which behaved in this way. 

The following arc some of the more important tectonic events: 

Jurassic and Cretaceous 

The oldest, most deformed rocks arc the most difficult to interpret and correlate. It is hard to distinguish 
significant tectonic events in the Jurassic and Early Cretaceous of the Caribbean. One possible exception is 
the Albian collision of the early Aruba-Blanquilla arc with South America (Maresch, 1974) which appears to 
be coincident with faulting and volcanism in both Guatemala and western Cuba, and with the Honduran 
folding and faulting reported by Mills and Hugh (1974). Similarly, the subduction-related magmatism and 
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tectonism which occurred on almost all margins of the Caribbean during the U|^r Cretaceous have not yet 
been correlated successfully. 

End of the Cretaceous 

This was a critical interval within the Caribbean. It is marked by the northward thrusting of ophiolitic 
rocks at the Motagua suture in Guatemala and in Pinar del Rio, Cuba (and later, in the Paleocene, in the rest 
of Cuba). This period was also crucial in the development of the Yucatan Basin, as by then it was bounded by 
Yucatan to the west and Cuba to the north. The magnetic history of the Yucatan Basin rocks should reflect 
this event. The final suturing of the southern Antillean arc onto the Venezuelan mainland took place at this 
time. 

Medial Eocene and the development of the Cayman Trough 

Within the western Carib^an, magmatism and tectonism continued during the Paleocene and Earlier 
Eocene in Oriente (Cuba), Jamaica, Cayman Ridge, E. Panama and Santa Marta, Colombia, although the 
style was different from that of earlier events and involved NW-SE graben tectonism in Jamaica. The Medial 
Eocene saw the last major magmatism on the northern and southern boundaries of the Colombian Basin. At 
this time on the northern and southern boundaries of the Venezuelan Basin, there existed obviously 
different tectonic regimes. To the south, strong N-S compression produced southward overthrusting on the 
Paria peninsula and folding of the deep-water clastic sediments of Barbados and Grenada. No such 
tectonism is seen in the north, although calc-alkine magmatism within NW-SE fault zones lasted into the 
Oligocene in Puerto Rico. This suggests different styles of behavior of the Northern and Southern American 
plate boundaries at this time. 

The growth of the Cayman Trough is the most important geological development during the Cenozoic 
history of the Caribbean. The age of its initiation is not well constrained, but its determination is of primary 
importance. Inasmuch as the Trough developed by splitting the length of the Cayman Ridge-Nicaraguan 
Rise volcanic arc (Perfit and Heezen, 1978), its maximum age is defined by that of these arc rocks. Thus the 
initiation of the Trough is unlikely to have occurred before the medial Eocene (45 m.y. ago). 

Medial Cenozoic 

Towards the end of the Oligocene and the beginning of the Miocene, Panama and Costa Rica 
underwent tectonism which seems to have been shared by N.W. Colombia (Dugue-Caro, 1979). Farther 
east, in the Falcon Basin of Venezuela, extensional basin subsidence and alkaline magmatism were 
occurring (Muessig, 1978). Within the Greater Antilles, the fore-arc basin that had been developing to the 
north of the Cordillera Central in Hispaniola became uplifted (Lewis, 1980). 

Late Miocene 

At about 9 10 m.y. ago, there occurred a well-defined change of plate -spreading directions around the 
Caribbean, which was reflected by major tectonic events within the plate, although the dominant eastward 
motion of the Caribbean plate continued with respect to the American plates. The northern half of the 
Lesser Antilles arc jumped westward. The dramatic uplift of the block-faulted seafloor in the Southern 
Peninsula of Haiti occurred at this time (Mascle et ai, 1980; Maurasse et ai, 1980). At the southern margin of 
the plate with South America a series of microplates developed: the Santa Marta, Bonaire (Silver ef ai, 
1975) and Paria ( Vierbuchen, 1979) blocks. The slow underthrusting and uplift of N.W. Colombia (Bonini et 
al, 1980) may have begun together with the equivalent underthrusting of the Venezuelan Basin beneath the 
Muertos and Curasao Troughs. 

Late Pliocene 

The continental margin rocks of Colombia and Venezuela display the strongest expression of Late 
Pliocene tectonism although the effects in Hispaniola and Jamaica were nearly as great. The spreadir^ rate 
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in the Cayman Trough appears to have decreased by a factor of two at this time (2.5 m.y. B.P.)(MacE>onald 
and Holcombe, 1978). 

Probhm$ Deep-sea drilling within the Caribbean htt shown that the Upper Cretaceous thoieiitic basalts 
below B" within the Cobmbian and Venezuelan Basins apparently were being erupted at later periocb in 
some places than others. Whether the initiation of this igneous activity wa«. uniform over large areas is of 
great interest. In the last five years considerable multichannel seismic reflection data have been collected 
from these two basins. Computer processing to achieve optimum imaging, hence, optimum depth and 
reflector resolution, is expensive. Some early results from the Venezuelan Basin have been published 
(Talwani et al., 1977; Biju-Duval et a/., 1978; Ladd and Watkins, 1^), but the definitive work in the early 
stratigraphy of the Colombian Basin (and possibly the Venezuelan Bsain as well) is yet to be done. The timing 
of the initiation and cessation of episodes of subduction during the Late Cretaceous has been deduced locally. 
Attempts to synthesize local events into a coherent regnal picture have had only limited success, partly 
because the detailed stratigraphy has not been available or cannot readily be correlated with neighboring 
areas. This is particularly true for the correlation of events in the Greater Antilles with those at the northern 
margin of South America. 

The principal tectonic events during the Cenozoic are easier to recognize than those of the Cretaceous. 
In most of the known events cited above, however, correlation across the Caribbean as a whole is known 
only in the most general terms. The strength and direction of the changes in stresses associated with these 
events have received little study. For instance, the earliest history of the Cayman Trough is obscure, arb the 
response of the adjacent landmasses, particularly of Cuba, at this tinw needs to be carefully evaluated. 

Approach Research efforts in progress at Lamont-Doherty Geological Observatory of Columbia Univer- 
sity and at the University of Texas Marine Geophysical Laboratory are intended to provide better answers to 
the key questions of the age and nature of any pre-B" volcanic events. Helping to solve this problem should 
be an objective as well as a result of the Caribbean Plate Project. Considerable attention, using the most 
advanced analytical techniques, should go into getting the best interpretations of rock types, time strati- 
graphy, and structural geometry from the sub-B" interval. 

In addition to the more obvious methods of stratigraphic and magmatic correlation of events during the 
Late Cretaceous, metamorphic rocks with their P/T mineral assemblages and tectonite fabrics offer one of 
the best means of identifying and correlating such events. Such rocks are common in the southeastern 
Caribbean (Tobago, Trinidad, Northern Venezuela and the Venezuela Antilles) and in the Greater Antilles 
(Jamaica, Cuba and the Dominican Republic). 

The dating of sedimentary rocks by palaeontological methods has long been a mature science in the 
Caribbean, largely because of the efforts of scientists working in the petroleum industry in Venezuela, 
T rinidad and the Gulf of Mexico. This means that it is commonly possible to assign a geologic age to strata in 
the Caribbean with some degree of precision. Major efforts to further improve the resolution of geologic age 
determinations are now being made by members of the City Museum of Basle, Switzerland, and of the 
Institut Francais du Petrole in conjunction with the Smithsonian Institution and the National Science 
Foundation, and working in collaboration with scientists from several Caribbean nations. 

As members of the project attempt to establish the geologic history of the Caribbean they will be able to 
make use of a full set of stratigraphic data. It is anticipated that work during the project will reveal areas and 
times for which more complete information may prove particularly useful in defining tl^ timing of regiona) 
tectonic events. The alliance of the remote sensing approach with ground-based stratigraphy and tectonic 
analysis has already proven to be a valuable tool in Panama. Workers such as Wirtg (1971) and MacDonald 
(1969) were able to synthesize scanty, poorly-correlated ground data obtained in difficult terrain into a 
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coherent regional picture using airborne radar. Such an approach can yield importMtt retultt by focuaing on 
areas where tl^ timing of maior changes in tectonic re^me can be more i»recisety resolvMl by strat^s|)Mc 
means. 

The Cayman Trough is the key to understanding the Cainozt^ histc^ of the ntMrthem put of the Plate. 
Slight variations in relative plate motions are reflected in the structure of the Trough floor and boundaries 
(Sharman et al., 1981) and integration of this record with the neighboring onshore tectomcs wit) be ^eat 
value locally and possibly plate-wide. 

B. Characterizatioft of the Plate Interior 

In the following discussion the interk>r of the Caribbean plate is defined as the oceanic portion of the 
plate underlying the lower Nicaraguan Rise, the Cobmbian Basin, the Beat'i Ridge, and the Venezuelan 
Basin, away from the plate margins which coincide with the continental and island marspns of ScHith and 
Central America and the Greater Antilles. Not included are the Aves Ridge, u4iich may have been a plate 
margin in pre-Eocene time; the Grenada Basin; and nuclear Central Anmica/upper Nic^aguan Rise, 
which include areas of island arc and continental crust. 

Current Understanding Early seismic reflection lines revealed that sediments overlying most of the 
interior of the Caribbean plate contain two widespread and persistent reflecting horizons, termed h<mzor» 
A" and B” (Ewing et al., 1968). Drilling provided startigraphic control for tl^se reflectors: where dri&ed, 

< .orizon A" represents the upper surface of lithification of deep-sea oozes, within an interval containing chert 
horizons, dated as early as Eocene; horizon B" represents the occurrence of oceanic basaltic rocks 
overlain by sedimentary rocks of middle late Cretaceous age (Turonian-Coniacian) (Edgar and Saunders, 
1973). The drilling also established a minimum age of late Cretaceous for the crust of the Caribbean plate. 
Later studies of the extent of the post-horizon-B"sediment section strongly indicated that the plate interior, 
although deformed locally, has maintained its integrity since at least the late Cretaceous— that is, large-scale 
destruction or creation of lithosphere has not occurred (Holcombe, 1977). 

Refraction results reveal sub-B’'rocks, which yield a range of P-wave velocities typical of oceanic crust 
(4.0 7.5 krn/sec) and which are thicker by a factor of two than “normal” ocean crust (Ludwig et al., 
1975; Edgar et al., 1971). Basalts and dolerites, recovered by drilling, provide stratigraphic control for the 
top of this interval. The interior of the Caribbean plate yields free air gravity anomalies near zero, as is typical 
of ocean basins away from active plate margins (Bowin, 1976). Heat flow through the floor of the Caribbean 
interior is predominantly within the range of 1.0 to 1.7 HFU, or “normal” for oceanic re^ons away from 
spreading centers (Epp et al., 1970). 

A key factor in interpreting the post -formation history of the Caribbean plate interior determining the 
orientation of the original Caribbean plate fabric as it relates to rifting of the seafloor, accretion, and the 
formation of fracture zones. The structural fabric developed in the interior of the Caribbean plate shows two 
preferred orientations, NW-SE and NE-SW (Case and Holcombe, 1980). Reasonably, one could assume that 
one of these directions represents the orientation of the rifted and faulted ridge-valley basement surface, and 
that the other direction represents the fracture zone direction. Subsequent changes in the stress re^me 
applied to the plate might result in rejuvenation of structural disi^ements along the ori^nal trends. 
MacDonald (1980) has proposed that the NE-SW direction, which corresponds to the trerrd of the Beata 
Ridge and the Hess fracture zone, represents the fracture zone direction. Attempts to derive the direction of 
seafloor accretion through study of magnetic residual anomaly patterns have been hampered because the 
low amplitude and poor definition of anomaly patterns and the lack of any reliable refererKe point in time for 
crustal age. Even so, a NE SW trending residual anomaly pattern has been recognized tentatively in the 
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central Veneiuelan Baain (Donnelly, 1973; Watkins and Cavanaugh, 1976), and an E*W pattern has been 
noted in the Colombian Basin (Christofferson, 1976). 

interprrt.'*!‘ion of later streMes acting on the C«rft)bewi plate and resulting motiorM would need to agree 
with the relative North America/South America movement as reconstruct^ from North Amerfca*Mrlca 
and South America-Africa motions (Rgure 2), and with the gM^o^ as recorded in the rocks of the 
circum-Caribbean region. The most recent epsodes would need to take into account estinuites of present- 
day plate motion (Jordan. 1975) and the evidence oi large-scate eastward displacement ol the CarS>bean 
plate in post-Eocene time. Burke ef of. ( 1978) have attempted a reconstruction <rf CariM>ean plate history in 
which they noted that the fabric of the plate interior might reasonably represent structural effects N-S 
compression across the plate, for which there is am|^ evidence. Intriguing questions arise as to whether a 
pre existing plate with its own prefened fabric wcwW be deformed structurally in a manner such that the new 
fabric would reliably reftect the more recent stresses. 

A crucial problem is the age of the Caribbean plate. EviderKe that the basalts encountered in driO holes 
are sills (Donnelly, 1975), that the “ix)tqg|^ic" basement beneath the Venezuelan Basin lies considerably 
beneath these basalts (Donnelly, 1973), and that the smooth sedim«it-Hke nature of horizon B", together 
with suggestions of sub-B" reflectors implies pre-B" sedimentation (Ewing et ai, 1968) have led to the 
general conclusion, that drilling has not established the time of fornnatbn of Caribbean crust precisely. Few 
nrteaningful constraints are placed on the age of the plate by what is known of the post-formatk>n history of 
plate movement in the region. 

The highest -resolution refraction results yet obtained in the Caribbean (Ludwig et of., 1975; Stoffa et al., 
1981) are compatible with the interpretation that a substantial thickness of stratified material (e.g., flood 
basalts, high-velocity sedimentary rocks, or both) overlies the origindl oceanic crust, which is of “normal” 
thickness. Burke et al. ( 1978) and Fox and Heezen ( 1975) favor a nutssive flood basalt episode. On the other 
hand, Talwani et al. (1977 ) concluded tentatively from a study of multichannel seismic reflection data that 
horizon B"lies at or near the surface of original oceanic basement, and Christofferson's (1976) model of 
seafloor accretion, based on magnetic anomaly patterns, requires creation of Caribbean lithosphere in the 
Late Cretaceous. 

Seismic evidence for the existence of lateral discontinuities separating areas of crust of different 
thickness and age (Biju-Duval et al., 1978; Ladd and Watkiru, 1980) is increasing, which suggests that the 
Caribbean has had a history of plate construction more complex than that indicated by DSDP drilling. 
Discussion of this question will continue until positive strati^aphic control is obtained by drilling. A recent 
decision was made not to attempt drilling the pre-horizon B” section of the Venezuelan Basin, on the 
upcoming IPOD leg, due to technical reasons and high risk factors. This decision postpones acquisition of the 
necessary stratigraphic control. 

Problem§ Within the context of an exhaustive study of the nature and evolution of the Caribbean plate, 
the plate interior is the logical place to study gross physical properties and bulk composition of the plate, 
away from complicating effects of the plate mar^ns. As previously discussed, some constraints have been 
placed on the age and fabric of the plate and on the thickness of the crust. A major, integrated study of all 
available evidence and theory concerning composition and physical/elastic properties would be a major 
contributbn to understanding the gross physical character of the Caribbean plate. This new knowkdge 
could be applied to the solution of problems concerning the behavior of the plate at its margins. 

Such a study would address the followinc questions: 

(1) Is the Caribbean crust of anomalous thickness or is it of normal thickness, but overlain by flood 
basalts or a combination of sedimentary rocks and volcanic rocks? What is the best estimate of the age of the 
Caribbean crust? 
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(2) riow thick it the Kthotphcrc of tht Caribbean piatt? Is it undtriabt by a tow> velocity saitmic sons? 

(3) What it the best guest for the grots composition of the Caribbean iithoephere? b it anomalout in 

compositton and propertiet with respect to other ocwric regions? 

(4) What are the best estimates for variation of density, r^idity, temperMure and other physical 
properties with depth? 

(5) What do the best estimates of physical md chemical ewr^^ositton of the Btho sp he r e taiggest 
concerning the question of whether the Caribbean plate it stationary or moving with respect to the mantb 
beneath the lithosi^tere? 

(6) What would be the predicted response of a pbte with the above prtHxrties tu external stress? To 
what degree would it behave at a ^ittb w at a piMtic entity? 

(7) What fomw oi magmatic t^ferentiation would be expected to occur in a pbte havbg thb con^osi- 
tkm and these properties? b there tome particular aspect d ixropcrty or compotttion wbeh would make the 
Caribbean pbte pwticulariy sutceptibb to flood-batdt es^nts? 

The end result d such a study would be the dt'' 'kipment da rsasondrfe integrated modd or modi^ for 
the thkkness, age, composition, and pl^dcal prc^ierties d Caribbean lithod>here. Devdopmertt d such a 
model for the interior of the Caribbean pbte b the focal prodem towwd wtuch aO studies tpectficabi 
concerned with the interior d the Curid)can pbte should be addressed. 

Approach Development of reasoruibb ‘‘cdumnar section” modeb necenitatet the integration d state- 
of-the-art theory and best avaibbb data artd data analysb in the fidds d petrology, seismic wave props^- 
tion, source and budget of earth's heat, wid mass dbtributkm. An interc&cipBnary grexip wil need to be 
invdvcd. Many of the j>roperties which need to be predicted are unobservabb or too expensive to observe. 
In other cases these properties can be studied only throudi thr. irtteractions assoebt^ with the pbte 
boundaries. The rigidity d the pbte under applied boundary stresses can be tested by VLSI and by satellite 
luer rartgmg techniques. A rebtivety smdl network d monitoring stations would be requnr«l, and could be 
tied to the measurement of local boundary deformation (kscusaed in the next section (C). 

The northwestern Caribbean contains many scattered centers d Late Cenozetc volcmbm which 
cannot be rebted directly to conventional dnte boundary magmatism. Much d thb intrapbte magmatism 
consists of alkali basaltic volcanbm (Figure 4) whose parental magma source must be the suh-Caribbean- 
pbte mantb. Study d these rocks may define the chentical character and thermal state oi the mantb 
beneath at bast one quadant d the pbte (Wadge and Wooden, 1982). 

Investigative efforts in two subset areas wiuch wUI require the acquisitkm arto analysb d rcrrx>teiy- 
sensed data will be encouraged. 

Grouity /bid and magntik field 

Satdkte sensing d geoid height ybkU new and better information regarding the vertical and honzontal 
dbtribution d mass deep within the litho^i^iere. GEOS-3 radar dtimetry data best efispby the medum and 
long vk«vebngth arKMnalbs d the deeper mantb. Reitidual geoid anomaly can be constructed and 
correbted »'yith nralor geologic structures in the Caribbean (Bowin, 1960). SEA SAT s fugher resolution data 
should improve definition d the shallower, shorter-wavebngth features d the geoxf. "Synctotic" measure- 
ment d the longer-wavebngth features d the earth’s mapwtic field from MAGSAT should also provide new 
,md useful information about the depth, thickness, md suacetrtibdity d mapictic source rocks, pvticulvly 
when coirtoved with rrwme and dreraft magnetic data. Efforts to obtam maxhnum resolution d dresc two 
parameters, using upward and downward contmuation teclvuques, seem to have great potcrttial for 
imposing constraints on cdumrtar models d Caribbean lithosphere arxl for comparison d gross p rop er t ies 
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Caribbedn bthosf^iere to other ocearuc regioitt, for example the Phifippine Sea and Ontong-Java Plateau 
areas, which may have had snnbar Iwtories of plate formation and/or evolutior;. 

Irwestigatkm of month properties throtj^ artaly^ ofseisndc wave propagation 

Investigation of seismic wave propagatim throus^ the interior of the Caribbean plate may detect the 
IMresence a low-velocity zone at the base the bthosi4tere, and should yield reasonable velocity-depth 
models from uAitch varkxis elastk; ;»operty nxxiels Cjoi be derived. 

Such an investigation would be particularly promising if, in the course of stucbes of seismic events along 
the plate margins, seismic stations around the perimeter the Caribbean are tied together via real-time 
telemetry links. 

Body waves 

The analysis of travel times for direct arxl refracted arrivals of body waves yields direct information 
about compressbnal arxl shear wave velocities in the crust and very upper mantle. Officer et al. (1959) 
summariz«l much of the data collected for the eastern Caribbean; no fewer than 9 profiles provide average 
velocities of the crustal portion of the Venezuelan Basin. Smilar data exist for other Caribbean ba^ns. 
These results do not provide sufficient information, however, about the upper mantle, which comprises 
much of the lithosphere of the Caribbean [^te. 

A high frequency wave called Ph(S,) can provide constraints on the average velocity of the lithosphere. 
This wave, which propagates as a channel wave, samples much of the upper mantle and is channeled by the 
presence of a low-velocity zone at the base of the lithosphere (Menke arxl Richards, 1980). The observation 
of these travel times nruiy reveal a velocity anisotropy in the mantk. Studies in oceanic crust formed at 
mid-oceanic spreading centers indicate that body wave velocities in the upper mantle are dependent upon 
azimuth. Phase velocities of these waves are fastest in the direction iH>rmaI to the strike of the spreading axis 
at which the material was created (Shor et al., 1980). As the present-day orientation of the original fabric of 
the Caribbean plate is unknown, the study of P arxl S waves may provide key information bearing on this 
problem. 

To this erxl, sources of earthquakes in the Caribbean can be observed by any number of short-period 
stations distributed around the perimeter of the plate. The most complete coverage by seismic receivers 
rx3w is found in the eastern Caribbean, surroundng the Venezuelan Basin. While cooperation now exists 
between the organizations (grating these networks, a real-time telemetry link between the various 
recording rites would greatly facilitate analysis of data. 

Sutface waves 

Rayleigh wave and Love wave dispersion studies provide constraints on the upper mantle structure, 
presence or absence of a low-velocity zone, and seismic wave anisotropy in the lith<^phere, all of which 
reflect the origin and evolution of a region. 

Both single-station and two-station techniques (Brune et al., 1960) could be used to determine surface 
wave phase velocities for paths crossing the Caribbean plate. The two-station technique requires finding 
events located such that two statbns lie along the same path from an earthquake. This method would use 
seismic events located outside the Caribbean plate. For example, Kafka (1979) has used this method to 
estimate Rayleigh wave phase velocities across the Caribbean using events located along the mid-Atlantic 
ridge. The single-station technique requires knowledge of the focal mechanisms and depths of the events 
used. If these source properties are known, then the initial phase at the source can be calculated, so the 
phase velocity can be determined along the path from the event to the station. This method uses events 
located along the edges of the Caribbean plate and stations on the opposite side of the plate from the events. 
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Forsyth (1975) determined Rayleigh wave and Love wave phase velocities in the eastern Pacific and 
found that both a systematic increase in vdocity with increwng age of the seaflom^ and anisotropy in the 
elastic properties were required to satisfy the data; he interpreted these results in terms of the structural 
evolution of the oceanic lithosphere. A similar stxjdy couk) be performed in the Caribbean re^on. 

Surface wave studies in the Caribbean re^on offer an atktttional feature wlwh may further constrain 
the upper mantle structure. Specifically, both the eastern and western boundaries of the (^te exhftnt a wide 
depth distribution of hypocenters. As earthquake depth increases, the rebtive excitation of higher mode to 
fundamental modo Payleigh wave increases. If these different modes can be properly identified and 
separated, then their respective phase velocities can be determined. Such information would enhance the 
resolution and acc ;racy of the deduced upper mantle pr<^>erties. 

C. Active Processes at the Rate Boundaries 

Structural and Tectonic Variations 

Current Understanding Plate boundaries are the sites along which accommodation of relative motions 
between adjacent plates takes place. In applying plate tectonic theory, two eimi^ifying assumptions are 
usually accepted. One is that the lithosphere is rigid except at specific bourdaries at v.>hich the displace- 
ments occur. The second is that a boundary must be one of three types: accretionary, convergent, or 
transform. If these assumptions were correct, we would expect the deformation occurring at plate bounda- 
ries to have simple patterns and for the locations of the plate boundaries to be readily identifiable. In some 
parts of the earth, including the Caribbean, neither of these expectations is met, so it has proved difficult to 
define precisely the locations of some plate boundaries at the present time. The concept of "plate boundary 
zones” in areas of convergence and transform motion has proven useful in this respect, both at the northern 
boundary (Burke et ai, 1980) and the southern boundary (Kafka and Weidner, 1981). 

Although the global interpretations of plate boundaries provide an important framework within which to 
analyze local geologic features, they may not be particularly helpful in explaining the geology observed at the 
earth’s surface. Global seismicity studies, for example, locate plate boundaries to an accuracy of ± 250 
to ± 100 km in regions of thick lithosphere, such as beneath continents and island arcs, where deformation 
commonly appears to be distributed more broadly than at spreading centers, where the lithosphere is only a 
few kilometers thick. A more accurate identification of structural features and tectonic behavior than ± 100 
km is required for hazard prediction and for a more satisfactory understanding of the behavior of the earth. 

Evidence of modern tectonic activity in the Caribbean is supplied by large variations in topo^aphy from 
deep-sea trenches to high mountains, by linear chains of volcanoes, by a high degree of seismicity, large 
negative and positive free-air gravity anomalies, by geoid anomalies, by high heat flow in some localized 
areas, and deformed and uplifted young sedimentary layers. Usually, the patterns shown by these features 
display large variations in magnitude dong the presumed plate boundaries. An estimate of seismic potential 
based on historical seismicity (Figure 3) illustrates the scale of this variability around the jidate boundary. 

There are locations where data suggest that there is significant tectonic activity, while in other locations 
there is very little. With the identification in recent years of the Mid-Cayman spreading center, the once 
puzzling decrease in intensity of seismicity in the Cayman Trough region and the shift in location of what 
seismic activity does occur from the north side the east end of the Trough to the south side at the west end 
have become better understood. The Mid-Cayman spreading center trends nearly north-south across the 
center of the Trough. For the most part, however, the irregular patterns of activity indicated by the various 
types of data remain enigmas. 
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ProblamB The positions of plate boundaries in the Carft>bean must be identified more precnely both at the 
surface and at depth. Particular attention must be directed towards boundaries which are poorly defined, or 
complex. Among the more pressing of these problem boundaries are the fcAowing: 

(i) Northern Hispaniola where a short zone of converg«Ke appears to correspond with a m^rchmge in 
the direction erf strike of the Cretaceous island arc rocks. 

(ii) Western Guatemala where the potentially unstable triple junction between the Caribbean, North 
American and Cocos plates is located. 

(iii) Panama’i northward curvature into the Caribbean. This is difficult to reconcile with the eastward 
motion of the Nazea plate to the south without invoking non-ri{^ defcMnnation (Bowm, 1976). 

(iv) The very poor definition of the Caribbean plate’s boundary with the South American Andean system in 
Colombia (the Bucaramanga segment of Pennington, 1979). 

In addition to improving the areal definition of these boundaries, we need to develop additional concepts 
that will be useful in understanding how local anomalies deform in response to stresses produced by plate 
motions. In particular, refined modeling of transpressional and transextensional tectonism, sedimentation 
and magmatism needs to be applied locally and integrated along the whole boundary. 


Approach The data from local seismic networks in crucial areas such as Hispaniola, Central Guatemala, 
Panama and N.W. Venezuela are of paramount importance in determining the geometry and magnitude of 
current plate boundary tectonism. Characterization of the fine-scale structure of the plate boundaries will 
require monitoring of local telemetered seismic networks. The Caribbean plate boundaries are rich un such 
networks (Table 1 ). The information likely to accrue from these networks during the project should be 
integrated as thoroughly as practicable. Satellite relay of this informatkMi to a sin^ receiving station would 
be very beneficial to the rapid analysis of the seismicity. 

The large variations in magnitude or intensity of seismicity, gravity and geoid anomalies, and in 
topography along the plate boundaries in the Caribbean region, together with the varied geology exposed at 
these boundaries, make these boundaries particularly significant. A large amount of information is already 
available for this region, and further field studies are underway at several of the anomalous portions of the 
Caribbean plate boundaries. Together with the new radar altimetry, satellite magnetic measurements 
(MAGSAT), SAR, and multispectral image data, this information can be integrated in a comprehensive 
examination of the problem of understanding the irregularities of deformation along active plate boundaries. 
For example, combinations of orbital radar altimetry (GEOS-3 and SEASAT) data with surface land and 
marine gravity measurements will allow better definition of ma.ss anomalies both areally and with depth than 
previously possible. This in turn will improve our ability to determine the relationships between mass 
anomalies and tectonic variations. Coordinated investigations of the geology, petrology, and chemistry of 
critical regions, together with analysis of SAR and multispectral data by image processing techniques, should 
provide constraints on temperature and depth relations in the boundary zone during formation of magma 
and metamorphic rocks, as well as reveal the structural setting and mechanism by which such rocks were 
later uplifted to the surface. 

Current crustal deformation can be measured by VLBl and laser ranging techniques using small 
instrument networks crossing areas of known or suspected “boundary zone” deformation. When coupled 
with plate-wide geodetic measurements, such information will contribute to models of the development of 
localized boundary stress fields in response to gross plate motions, which will be applied to earthquake 
hazard evaluations. 
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OF POOR V 


TaUc 1 Seiimic networks in the Caribbean Area. 


Country 

Area 

Covered 

No. of ^System 
Stations Descriptions 

Date 

Installed 

Current 

Status 

Organization 

Colombia 


9 

flOGt 



Inst. Geofisica de Andes 

Cosu Rica 

Northern C. R. 

10 

R, Hi 

May. 1974 

Active 

InM. Costarrioense de Electricidad, 





and Univ. of Texas 


Geothermal 

5 

R, Hi 

June, 1977 

Active 

Same as above 


Southern C. R. 

7 

R, Hi 

June, 1980 

Planned 

Same as above 

Cuba 


3 

Lo 


Active 

Academy Science, Havana 

Dominican 

North central 

7 

R.Hi 

Dec., 1979 

Active 

Corporacion Dominicana de Electri- 

Republic 






cidad and Univ. of Texas 


South-Southeast 

7 

R. Hi 

July, 1980 

Planned 

Same as above 

El Salvador 



LPS^ 





National 

12 

R. Hi 

August, 1980 

Planned 

Centro Investigadones de Geo- 






technicas 



6 

R. Hi 


Planned 

Comision Ejecutiva Hidroelectrica del 







Rio Lempa (CEL) and Univ. of 
Texas 

Guatemala 

Central to 

15 

R, Hi 

area 1974 

Active 

INSIVUMEH 


Southern Guat. 







Northern Central 

7 

R, Hi 

Jan., 1979 

Active 

Inst. Nacional de Electriflcacion and 


Guatemala 





Univ. of Texas 

Haiti 


2 





Jamaica 


-5 



Active 

Seismic Research Unit, Univ. of West 







Indies 

Nicaragua 

National 

14 

R, Hi 

Circa 1975 

Active 


Panama 



BHP^ 





Western Panama 

11 

R, Hi 

Nov., 1980 

Planned 

Inst, de Recursos Hidraulicos y 







Electrification (IRHE) and Univ. of 
Texas 

Puerto Rico 



SJG* 





National 

14 

R 

1974 

Active 

USGS-Puerto Rico Electrical 







Authority and Univ. of Puerto Rico 

Trinidad 

British Lesser 

~30 

TRf^ 
Partial R 


Active 

Seismic Research Unit, Univ. of West 


Antilles 





Indies 

Venezuela 


9 



Active 

In addition, a multi-million dollar 







program for the natioruil network is 
being planned. 

Virgin Islands 

Antigua to 

17 

R, Hi 

March. 1975 

Active 

LDGO 


Eastern Puerto 
Rico 






French West 

Guadeloupe to 

~8 



Active 

Institute de Physique de Globe Univ. 

Indies 

Martinique 





of Paris 


* “R" Indicates the network is equipped with the radio telemetry system and central recording capability. 
^ Identifying station abbreviations of the World-Wide Standardized Seismic Network. 
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Variations in volcanism 

Currant Umhntanding Active subduction occurs both in Central America and the Lesser AntiUes (and 
possibly beneath N. E. Hispaniola), but there are major differences between the two main zorMS. These 
differences include the foibwing; 1) tfw Lesser Antilles is an arc, whib Central America is nearly linear, 2) 
subductbn is oblique to the spreading ridge in Central America, but nearly parallel in the central Lesser 
Antilles, 3) the distance from trefKh to volcanic front is much the greater in the Lesser Antilles, 4) old 
continental crust underlies northern Central America, but there is no such continental crust in the Lesser 
Antilles, 5) there is a more rapid rate erf convergence in Central America. 

A list of contrasting structural and volcanic features of the two active Caribbean vobanb arcs is 
presented in Table 2. Figure 4 b a map of the main volcanic centers. 

Products of volcanism are typically calc -alkaline in nature in both regions. The geochemistry of the 
Lesser Antilles has been reviewed by Brown et of. (1977 ) and a similar recent general treatment of Central 
America is given by Carr et a/. (1981). Divergences from the normal calc -alkaline character have received 
more attention in the literature of the Lesser AntiUes, partly because of the superimpositbn of very different 
rock types on irtdividual islands [e.g., Grenada, Arculus ( 1976)]. The spatial distinction between the volcanic 
front association (basalt-andesite-dacite), the rhyolite calderas, the bimodal areal volcanism, and the 
scattered alkalic volcanism is more obvious in Central America (Figure 4), although the ori^ns of these 
magmas are largely undefined. However, a recent synthesis of the Lesser AntiUes by Westercamp (1979) 
attempts to demonstrate that the occurrence of silica-saturated and undersaturated alkaline basalts is 
related to NE-SW transverse breaks in the arc which dominate the southernmost islands (Figure 4). Also, the 
assignment of a tholeiitic character to the rocks of the northern Lesser Antilles by Brown et al. (1977 ) has 
been disputed by both Smith et al. (1980) and Westercamp (1979). 

Variatbns in the geochemistries of present-day magmas along the length of the volcanic front in Central 
America can be explained primarily by processes of shaUow-level crystal fraetbnation. There are some 
exceptions to this explanation, such as the systematic decrease in Na^O content from Guatemala to 


Table 2 Comparison of Central American and Lesser Antillean Volcanism. 



Cen.ral America 

Lesser Antilles 

Structural 




Subaerial arc 

True island arc 


—40 60° dip of 
BeniofT zone 

—40° BeniofT Zone 


300- 100 km spaced 

—SO km spaced 


transverse breaks 

transverse breaks 

Volcanic 


~80% products on land 

-20% prodiKU on land 


Volcanic front jumps transversely 

‘Permanent’ lod of volcanism 


High rate of magma output 

Low rate of magma output 


Major rhyolitic caldera in N. 
Fields of bimodal volcanism in N. 

No true rhyolitic volcanism 
No true calderas? 


Adventive eruptions 

Characteristic development of 
lava domes at volcano summits 


Some volcanoes in state of 

Seismic swarms beneath volcanoes 


persistent activity 

outnumber magmatic eruptions 
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Nicaragua, which is presumed to be controUed by crustal structure. Cyclical evolutkm of shallow, fractionat* 
ing magma systems with a tendency to increasingly evolved character with increasing maturity and size of 
the volcano have been reco^ized in Central America (Rose et of., 1977; Mayfield et al., 1%1). Common 
cumulate nodules in Lesser Antilles magmas demonstrate the importance of crystal fractionation (Arculus 
and Wills, 1%0). The eruption of mixed tei^ras (Carey and Sigurdsson, 1978) and the hypothesis of 
Westercamp ( 1979) which is that some Lesser Antilles calc-alkaline magmas are remelted from crystalline 
quartz diorite bodies at depths of 5-7 km, indicate growing awareness of the complexities of shallow 
magmatic processes. 


Probiama Four topical problems in Caribbean volcanism have been identified: 

Rates of magma accumulation and eruption 

Historic records of volcanism in the two arcs are very different. Only three volcanoes in the Lesser 
Antilles have produced substantial quantities of juvenile magma, compared with about 15 volcanoes in 
Central America during the last 300 years. The total cumulative volumes of magma extruded are also very 
much greater in Central America, even after compensatirrg for the greater length of arc. This could 
mean: (a) that very much more magma never reaches the surface in the Lesser Antilles, (b) this disparity is 
merely “noise” which would be removed over a longer period, or (c) that there is a higher rate of magma 
production beneath Central America which is reflected in the volume emitted. 

There are several indications that (b) is incorrect and that the ratio of magma output at the two arcs 
throughout the last 100,000 years may have been similar to the historic ratio. If (c) is true, there is the 
interesting possibility that the difference rr»y be wholly or partly due to the relative rates of plate conver- 
gence, which arc greater between the Cocos and Caribbean plates than between the American and 
Caribbean plates. 

Eruptive gases and particles 

Studies of eruptive gases and particles are of obvious importance to theories concerning the earth’s 
atmosphere, and also allow us to learn about the volcanoes and their eruptive mechanisms. Results of 
studies on the Mount St. Helens eruption have changed our ideas about which volcanoes may have the most 
profound impacts on the atmosphere. The effect on the atmosphere of silicate particles from the St. Helens 
eruption was much less significant than was anticipated, and the main long-term effects have been attributed 
to sulfate particles derived from magmatic SOj. It seems especially important now to find out more 
about the volatile concentrations in various magmas. We also know far too little about the escape of volatiles 
during passive emissions. To advance our understanding of volcano-atmosphere interactions, we need: (1) 
estimates of rates of volatile release on a plate-wide and world wide basis, (2) comparisons of passive 
emission rates of volatiles with rates of emission during eruptions, (3) much better data on the magmatic 
concentrations of species such as HjO, CO:, Cl, and S. These data can be integrated into a “gas budget” for 
a volcano which will allow us to gain a better understanding of volcanic mechanisms by constraining the 
volume, depth and geometry of shallow magma bodies (Rose et al., 1981 ). The gas budget work may also be 
directly relevant to the formation of volcanogenic mineral deposits. Since older, eroded, but otherwise 
similar volcanic terrains exist to the north and east of the active volcanoes in Central America, such 
conclusions could be applied locally in the search for mineral resources. 

Magmatic evolution and volcanic structure 

The problem of why some volcanoes are essentially basaltic in character while a neighboring, nearly- 
contemporaneous volcano produces dominantly andesitic products, is a fundamental one. Smith et al. 


VOLCANIC CENTERS 
OF THE CARIBBEAN 



volcanic fronts. (See separate sheet.) Plate convergence vectors are mean values only. 






31 


(1980) cited specific examples of this from Guadeloupe, but it is common to both arcs. It \» reasonable to 
assume that, as a volcano's reservtxr increases in size with maturity of the system, there "m more chance for 
magmas to experience different degrees of fractionation. Hie residence times oi imbvidual hatches of 
magma in volcanoes of great height (Rose et al., 1977 ) and great volume (Mayfield et of., 1961) will also tend 
to increase. 

The evolution of dacitic magma bodies at the volcanic front may be a simi^ continuation of low 
pressure fractionation. This does not seem to be the case for the major rhyolite centers of Guatemala and El 
Salvador which are separated physically and chemically from the volcanic front (Figure 4). The continental 
crustal structure and distinctive tectonic setting of this part of the (date must have influenced the devde^ 
ment of these very large magma bodies. The tentative identification of numerous overlapping circular 
structures has been made from Skylab imagery by Rose et al. ( 1975). This indicates the possible kmg history 
of this form of volcanism in this (lart of the plate. 

The Lesser Antilles ap(>ear to have few calderas. It may be that resurgent activity or the close proximity 
of adjacent centers obliterates evidence of caldera structures, or that they did not form. CkMer study the 
centers res|)onsible for the known m^or silicic eruptions of the (>ast few 1(X),000 years may be able to resolve 
this. 

Segmentation of uofcanic arcs 

The case for transverse segmentation of both the subducting Cocos plate and, (larticularly, the 
overriding Caribbean plate in Central America has been made by Stoiber and Carr (1973) and Carr et al. 
(1981). A similar claim for the Caribbean plate in the Lesser Antilles has been made by Westercamp (1979) 
(Figure 4). The Lesser Antillean segments are at a strong angular discordance (NE) relative to the plate 
convergence vector (E). 

Large shallow- thrust earthquakes associated with the rupture of an individual segment apparently can 
trigger major eruptions and raise the general level of activity of nearby volcaTK>es for many years. Whether 
this strain release affects solely the sub-volcanic magma chambers, the magma gerv?ration processes within 
the mantle, or the whole supply system is unknown. 

Volcanism at transverse breaks is different from intrasegment volcanism. Transverse volcanism is 
characteristically more diffuse (areal volcanism), typically bimodal (basalt-rhyolite) with a tendency to the 


' Supplemental Figure Caption for Fig. 4 Volcanic Front: Central America; /. Tacona: 2. Tajumulco; 
3. Santa Maria; 4. Aiitlan-Toliman; 5. Fuego-Acatenango; 6. Agua; 7. Pacaya; 8. Tecuamburro; 
9. Moyuta: 10. Santa Ana; II. Sar, Salvador; 12. San Vicente; 13. Tecapa; 14. San Miguel; 15. Concha- 
gua; 16. Cosiguina; 17. San Cristobal; 18. Telica; 19. Los Pilas; 20. Momotombo; 21. Apoyeque; 
22. Masaya; 23- Apoyo; 24. Mombacho; 25. Concepcion; 26. Madera; 27. Orosi; 28. Rincon de la 
Vieja; 29. Miravalles; 30. Tenorio; 31. Arenal; 32. Poas; 33. Barba; 34. Irazu-Turrialba; 35. Chiriqui; 
36. El Vaule Lesser Antilles; I. Saba; 2. St. Eustatius; 3. St. Kitts; 4. Nevis; 5. Montserrat; 6. Soufriere, 
Guadeloupe; 7. Morndiablotin. Dominica; 8. Micotrin, Dominica; 9. Pelee, Martinique; 10. St. Lucia; II . 
Soufriere. St. Vincent; 12. Kick ‘Em-Jenny; 13. Grenada Alkalic Centers; a. Logo Yajoa. Honduras; b. 
Utila, Honduras; c. Pear! Lagoon, Nicaraugua; d. Cukra Hill. Nicaragua; e. Cerro Coronet, Costa Rica; f. 
Lomas de Sierpe, Costa Rica; g. La Providencia, Colombia; h. Low Layton, Jamaica; i. Jamaica 
Passage; J. Saut d'Eau, Haiti; k. Thomazeau, Haiti; I. San Juan. Dominican Repub.; m. Dos Hermanos, 
Dominican Repub.; n. Valle Nuevo, Dominican Repub. Rhyolitic Centers of North Central America; A. 
A tit Ian; B. Amatitlan; C. Ay ana; D. Coatepeque; E. Ilopango 


production of alkali otivina biMalt in the Lasaar Antfllaa. Tha aowrea ra^ona oi thaaa mapnaa ara probab^ 
diffarant from thoaa d tha vdcarac fitmt magmaa, aa ara thahr aubimpimt Natoriaa of kiteraction. 

Tha prt^xMad vartical taara in tha Hthoaf^wra ra^xanaibla for tha aagmantttimi muat ba dianctartead by a 
mantla tharmal ragima which ia diatinct from that of tha unbrokan aagmanta, aa manifaatad in tha volcanic 
producta. 

Tha permanency of thia form of aagmentatkm ia another key probiam. If the tr«navaraa atruchnaa 
penetrate into the overriding plate for considerable distances, as seams to be true for some of tha Central 
American structures, then they may be at old aa the arc itself. Thera is also awna evidence that tha 
extensions of these structurM contain abundant hydrothermal minaralizatkMn, wtuch may r^icct major 
crustal weaknesses susceptible to preferential mass transport. 

Approach Compilatkm of historic events, field estimates of lava and tephra vdumes. radioaubtm dating, 
marine tei^rachroimlogy of discrete ash layers from piston cores ar>d 3.5 kHz reflection surveys, (Usp«rsed 
ash, assessment of erosion and redeposition are the kinds of data required to evaluate the ratM of magma 
eruption. Particular areas merit special attention. Dominica and St. Lucia are probalriy the mcMt important 
and least-studied island centers in the Lesser Antilles. There virtually are no data on the major tepNn 
deposits of C(»ta Rica. The S. E. Guatemalan field of areal volcanism needs to be dated to assess its 
contribution over the last 100,000 years. Remotely-sensed variations of vegetatkm cover, calibrated with 
some isotopic dates, may be a feasible technique for this problem. 

The relationship among rates of magma production at depth, tnode of transput to the surface and 
amount of magma left behind as intrusions is of fundamental importance to volcanism. Knowledge 
long-term output rates of magma should help to interpret specific eruptive case histories of irtdividual 
volcanoes in terms of whether nnagma is currently being supplied and stored. Utilizing magma output rates 
and the chemistry of the rocks, it should be possiUe to derive an approximate nx>del for the role of shallow 
fractionation and storage. Highly-active volcanoes, capable of almost continuous ntagma effumn for many 
years (e g., Santiaguito, Izalco and Arenal), are particularly valuable for studying the dynamics of magma 
transport. Patterns of activity with longer perodicities can be studied stratigraphically [e.g., the Holocene 
behavior of Mt. Pelee (Roobol and Smith, 1976)]. The rich history of major vdeano-seismk swarms beneath 
the Lesser Antillean volcanoes is another source information on magma flux rates. 

Four fields of study of eruptive gases are particularly promising targets for the project: 

1. Gas emission rates at Caribbean plate boundaries. A program of aircraft sampifag of volcanic 
emissions along the Central American and Lesser Antilles volcanic fronts, using the RAVE project, can give 
a snapshot estimate of emissions along these plate boundaries. Low-level volcanic activity occurs con- 
stantly, especially in Central America. Low-level emission rates may make up an important fraction of the 
total volcanic emissiorts. 

2. Studies of major eruptk)r\s. The probability of occurrence of a major eruption along the Caribbean 
plate boundaries during the term of the project is high. Although thne probably would be the most relevant 
volcanic gases to sample from most points of view, the challenge in obtainirtg good data wSl be severe. 
Special effort to study such events should be made, using rx>t only the high technolo^ programs of NASA 
and others, such as HALO, SAGE, NOAA weather satellites, the RAVE project and U-2 and other high 
altitude aircraft, but also gourxl-based studies to examirte the materials erupted and deposited near their 
source. These materials should be thoroughly studied mineralogically, chemically and petrograi^ally to 
put the high-technology data in a strong geoio^cal context. Only with especially well-coordinated atmcM- 
pherk and geok^cal studies will we be able to construct a meaningful gas budget for these events. It is likely 
that major eruptions release the largest anKtunts of gases and small partkies to the atmosphere. 
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3. Pre-eruption uolahYe contents a/ magmm. methods for d et e r mm mg prc‘cn;q>tfon volatile 

contents of magmas are known, these have been aiiq>Ked to too few examples for nwaningfol generafizahms 
to be nuide concerning the compositional controls magnuttic volatiles. Such data are particularly 
important for S and Cl, which are pertinent to volcano/atmosphere interactkms. Studies of the conqx>sid(ms 
of ^ass inclunons in phenocrystf from the rocks cA selected volcanoes along the Caribbevi plate boimdaries 
wOl provide these crucial data. The results these studies w3I be combined with data the pas^ve and active 
emissions to allow "gas budgets*' to be formulated. We can use the buc^ts, along with seismological and 
other geophysical data, to constrain ideas of magma body depth, size and sh«4>e. 

4. Central volcanoes of internwdiate composition as the tops cf porphyry cpf^r depMits. The gas 

budget information which can be assembled from the data discussed above wUl establish sulfur partitioninfl 
between magma, vapor, ash and host rock. These data could be examined with a view toward developing 
models of Cu porphyry deposits. If porphyry coppers are produced by intruMve “events” near the end of a 
volcano’s life (e.g., Whitney, 1975), then monitoring of vdatile emissiorts probably can tell us little about thek’ 
occurrence. If they are produced over a longer period of time (thousands of years?) then some volcanoes 
may be currently undergoing such a development, which could be detected monitoring vdatile emissions. 

Massive sulphide mineralization associated with large caldera collapse structures is thought to be 
restricted to the resurgent stage of magmatism (Sillitoe, 1980), usually in a submarine environment. It is quite 
conceivable that some of the older, eroded, silicic centers have experienced these conditions and might be 
attractive mineral expbration targets. 

The best wby to address this problem initially is by remote sensing. Skylab, Landsat, Seasat SAR and 
other available imagery can be investigated systematically. The active arc in Guatemala could be the type 
area for primary study as it is the best known area. However, even there, major Quaternary discoveries of 
previously unrecognized calderas should be followed up by ground studies. 

Any effort to understand fractionation processes at both arcs rveeds access to a comprehensive data 
base of geochemistry. This could best be compiled and manipulated by computer, and probably would 
contain about 3000 rock analyses. 

Mayfield et al. ( 1981) have discovered a correlation between Salvadorean volcanoes whose rocks show 
low degrees of plagioclase fractionation and large negative Bouguer gravity anomalies. One imf^icaticn of 
this may be that the density structure of the volcarx) itself, and that of its immediate basement, pby 
important roles in the style and degree of low-pressure fractionation. Further evidence for such a relation- 
ship should be sought at other Caribbean volcanoes. 

In Central America, the transverse breaks are major crustal features whose structures may be 
identifiable on the small scale of space imagery. Landsat and SAR imagery may be the best toots for definirrg 
the extents of these features. Extending studies inland along the traces of these breaks, taking particular 
interest in major structural intersections which may be sites of mineralization, could prove to be a 
worthwhile strategy. SAR may be the only method suitable for the cloud-covered interior of Central 
America, and aircraft SLAB data may be required to supplement SEASAT SAR coverage, particularly in 
eastern Nicaragua and Costa Rica. A combined effort involving studies of petrochemistry and nrutgma 
dynamics together with a geophysical model of thermal and stress distributions will be a powerful approach 
to interpreting tlw role of transverse breaks in the generation of magmas at depth. The S. E. Guatemala- 
N. W. El Salvador break may be the best one to study. 


D. Mineral Raaourcas: Occurimca and Generi i 


CurrmU Umhntandkm 

Diitr^Hition 

Mineral reaourcet arc widespread mkI i^Hindmt in the C«rft4)eMi r^km. In tmm of p r esent piorkic- 
tion, the riKMt important n^fwraldepo^ in the re^on are bterites (Figure 5 ).Akimanmipro(hiction from 
laterites in Jamaica, the Dominican Republic, and northern Soudi America, accounts for M 20% of 
world suppBcs. Nickel lateiite operations are imporUmt in the Donwycan Reptd^, Cuba and Gu^emtda. 
Among precious metal mines in the regfon, the Pueblo VTicfO gold-sOver deporit in die Don^dem Repid)iic is 
the largest open-pit gold mine in the western hen«s|dMre. The sduer-gold veir» at El Lanon and die 
silver-iead-zinc-gold veirw at Neptune in Nicaragua are large proikicers. The MocNto sduer*lead*aafic deposit 
in Honduras is orte of the largest deposits of its type in the world. Severn Iwrge nsnerd (fotricts in dte region 
are now domrumt, but could be revived by new exploration. These include the mawve sulfide depodts fo the 
Matahambre area of Cuba, the Mem^ area oi Haiti and the Rosita area of hScaragua. Now abmdoncd 
precious metal producers extend from GuatemiJa to Panama m Centra America amd irrchide such 
important districts as La Luz in Nicaragua and San Sebastian in S Salvador. At prMent metal prices, the 
gross value of ore in any one of these districts would be at least $500 irollion, whSe fw some, such as Pu^>b 
Viejo, the gross value approaches $5 billion. Opiating profit (exclusive tax) on these properties cm rmge 
as high as 60%, making them important factors in ired ecorwmics. 

Hydrocarbon resources in the Caribbean area are distributed very unequally. Explwation drillti^, both 
onshore and offshore, has been done on the nxMt obvious targets ni nwet basaw m the re^tm. By far the 
most important oil and gas reserves are in Venezuela aikl Trinidad, with m;jKh less in^mrtant induction 
coming from Guatemala and Colombia. 

Although few, if any, important hydrocarbon discoveries have rx>t been put into pnxkxrtkm, severd 
important metal depodts have not been developed. Reasons for this rmge from uncertdnty about future 
markets or lack of adequate financing to unresolved disputes between intkistry and government over 
revenue sharing, environmentd sdeguards or ownership. Among the most important such tfoposits arc the 
huge Cerro Colorado and the large Petaquilla copper deposits in Panama and the large Tmama/Rk> \Tivi 
cc^per deposits in Puerto Rico. 

Processes of mineralization 

The three mdn types of ore-forming processes: (m^matic, hydrothermd, and weatherir^ can be 
further divided into sub-groups associated with specific geologic environments in the Caribbean rc^on. 
Most magmatic deposits in the Caribbean, for instance, formed in the oceanic crust or mantle and contam 
pods and lenses of chromite. Mantle rocks contdning these chremite deposits were obducted onto the north 
coast d Cuba during collision between the American and Caribbean plates. Most of these deposits are smaO 
and of questionable economic importance, but they could be keys to research on an as yet unrecognized 
form of Cr deposits— which would be important to the U.S., which essentially hai( no econoiroc Cr deporits. 

Hydrothermal processes can result in many types of ore deposits, ran^rtg from warm brines expelled 
from sedimentary bvins to extremely hot water exsolved from crystalfizing magmas at de|Mh. Q a s si c ri vcm 
deposits form from hydrothermal processes, as do hot spring deposits, which can be terrestrid <xr subma- 
rine. One of the curious aspects of Caribbean resource geology is the fact that, in spite of the widM|xread 
operation of rrrany of these processes, there is a relatively ^tematic distribution of ore elements in the area. 
As can be seen in Figure 6, there are three main "stages” of hydrothermal deposits inclucfirtg: 1) Cu and 
Cu Zn deposits of two types that are widespread throughout the area; 2) Pb-Zn-Ag and Au-Ag depowts d 



FItmre 5 Distribution of mw 
sowers cited bv Kesler (1978}. 
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two type* that arc found only in Central America, where the region is underlain by older cratonic basement 
rocks and where trace lead abundances we Iciest m igneous rocks (Cummings M>d Keeler, 1976); and3) 
Hs-W‘% depowts which arc found only in a restricted area of northern Central America. Complex 
missing from the area arc Sn deposits, which arc found only in areas nich as B^via, Malaysia and Mexico, 
which arc underlain by a thick Precambrian craton. 

The distribution of the final type of deposits, latcrites, w ^wwn in the last panel of F^c 6. Thne 
deposits require parent rock wNch has a composition which enhances the efficiency of the we a t h erin g 
process . Although appropriate parent rocks arc wide^>rcad, these depo^ arc best>dcvdoped oi^ ioctiv. 
One of the reasons for this ^>pcars to be the amount of late Cenozoic uplift, as shown in the Greater Antfes. 

ProbhmM The Caribbean rc^on merits serious attention as a focus for concentrated lesowceorimted 
research at this time because: 

1) the variety of ^dogk cnvir<mments and deposit types observed in the area is greater than kn most 
other areas of similar size; 

2 ) sufficient basic information is available in the area to permit recoffiitkm of prt^lcms of both regioray 
and ^obal importance; 

3) the area contMns mtany important mineral resources but sffil hM large, poorly-cxplorod areas. 

As resmirce demand irKreases. it will become mrxre and more dcsbaWe for governments to have 
reliable inventories of krrown and potential (unckvebped) resources. To attam this goal, we need more 
specific models for deposit-formirrg processes which operate on a rc^onal and local scale. Work in the 
Caribbean region could make important contributions to this field both for local governments aixi bi the 
f(xm of basic principles which can be apf^ied ebewhere. 

The fdlowing summary of potential problems is oriented toward those for which scxne pay-back is 
relatively likely in the short term. Many other longer range research efforts could be d eveloped. 

Explanation o/ the W Sb-Hg and Pb provinces in northern Central America 

rhis problem is perhai» the single most important mineral resource-related question in the mgkm. Why 
are these metals found in local areas rather than distributed widely? To answer tlus question we need 
information on: a) the types of W-Sb-Hg and Pb deposits, their ages and relations to the local i^ieous rocks, 
and b) the trace element characteristics d the associated igneous rocks as well as the isotopic characters- 
tics of both the ore and igneous rocks This will involve studies comparing the lead-rich vein deposits in 
Honduras to those that <^re lead-poor in eastern Nicaragua and a detdled study d the W, Sb and Hg 
occurrences, and in particular, their rdation to igneous rocks. 

Relation of Au-Ag deposits in u/estem Central Amerka to volcanic stratigraphy awl repond fwture 
patterns 

These widespread deposits are formed by hot sfxring activity arxl could weU have formed in specffic 
favorable volcanic units or along favorable structures. To test this possibility, it wffl be necessary to cstd>Ssh 
the vdcanic stratigraphy in local, mirre-hostii^ areas, to extend it rc^nally between minerakzed areas arxl 
to deterrrune the location arvi distribution d major regiona] fractures. As an example d the ramffications d 
this problem, the greatest corKentration d precious metd deposits is in the Gulf d Fonseca region, where 


Figure t Distribution of major mineral deposit types in the Caribbean. Three kittds of hydrotfurmal 
deposits are associated with successive stages in tectonic development tvid the distribution of leteritic deposits 
is related to the occurrence of appropriate source rocks and Late Cenozoic uplift. 
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the strike of the west coast changes. Is this related to regbrtal fracture patterns? Stdber and Carr (1974) 
have suggested that the distribution of active volcanoes along western Central Amerka is related to 
discontinuities (observed from seismic data) in the downthrust slab. How do these discontinuities relate to 
structures on land and in turn to the distribution of the precious metal deposits? 

Geochemistry of oceanic crust and mantle materials 

Much of the Caribbean area is underlain by remr. .. . oceanic crust and mantle that were obducted 
along the edges of the Caribbean plate (Case, 1980). Recent submarine surveys have disclosed that 
significant metal-depositing hot springs, as well as manganese nodule concentrations, are present on the 
nearby present-day Pacific and Atlantic ocean floors. Small manganese prospects and local base n%tal 
prospects of probable submarine hot spring origin are found in these ocean floor rocks (Petersen and 
Zantop, 1980; Kuypers and Denyer, 1979) bat no effort has been made to determine their geochemical, 
structural and petrologic setting in order to see whether a terrestrial equivalent of the subnruuine resources 
can be found. The mantle rock in Cuba is known to contain pods of chromite, as noted earlier. However, 
little attention has been gn/en to the possibility that disseminated chromite is present, and few geochemical 
and petrologic models are available to account for such deposits if they do exist. A study of this '>ort would 
invdve field mapping to recognize and delineate units, followed by petrochemical study to relate units to 
seafloor analogs. 

Relation between laterite development and Cenozoic uplift 

Many direct geological and geophysical data are accumulating (or can be acquired) which will help to 
determine the nature of vertical movements in the Caribbean area. Satellite imagery could be used to 
delineate and characterize beach terraces (Horsfield, 1975), for instance. It is likely that the uplift which 
formed the terraces also will have facilitated the laterite-forming processes, so it should be [xissible to extend 
known areas of laterite development into less exposed areas. At the same time, an effort can be made to 
characterize the parent material of the laterites, particularly the bauxites. This is a major problem whose 
solution requires measuring their ages (Comer et al., 1980) and relating them specifically to local tectonic 
uplift and to the source and transport mechanisms of their volcanic parent materials. 

Characterization of metamorphosed hot spring deposits of the Greater Antilles 

Recent work at Pueblo Viejo gold deposit in the Dominican Republic has shown that it is a metamor- 
phosed hot spring deposit of a type which is not well-understood (Kester et al., 1981). Other prospects of a 
similar type are known in Haiti; it is possible that a belt of these deposits exists. If they can be better 
characterized and related to their tectonic environment, it is possible that a new class of large, bw grade gold 
deposits can be established that would permit more effective glob 2 J exploration for precious metals. 

Approach A basic requirement for the solution of the mineral resource problems in Central America is an 
analysis of regional lineaments. Lineament maps of Nicaragua based on SLAR imagery have been published 
(Schmoil et al., 1975; Martin-Kaye and Williams, 1974), but there has been no comprehensive mapping of 
lineaments over the whole of (Antral America. TTic scale and resolutbn of LANDSAT, and of SEASAT -SAR 
where available, are well-suited to this task, which could also incorporate the mapping of circular features 
discussed earlier in this appendix. Particular attention should be paid to; (1) the traces of plate segmentatbn 
at the subduction zone, (2) the distribution of known mineral deposits on or adjacent to lineaments, (3) the 
lineaments which form the boundaries of known metallogenic prr vinces. 

Examination of specific test sites at mabr mining areas or at evaluated prospects will be required for 
problems of a comparative nature outlined above. Digitd remotely-sensed data should be obtained at these 
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sites and searches made by computer processing techniques for diagnostic lithob^ arKl structural features 
which may characterize similar deposits elsewhere. Ground-based investigatkms at both original sites and 
discovered “prospects** should follow, at which stage the data for strat^aphk arKl gMchenscal work can be 
collected. 

Much of Eastern Nicaragua, Southern Costa Rica, and Panama is heavily vegel.ated with Kttk surface 
rock exposure. The identification of hydrothermally altered surface rocks associated with mineralization is 
impossible in this terrain. Satellite imagery could be used here as a potential exploration tool using 
geobotankal variables. Far too little has been done to test the possiblity that constant or time variable 
(Canney et at., 1979) satellite images can be used to pinpoint targets in such regions. Several undeveloped 
deposits are present in this type of terrain that could be used as test areas. This effort could be very useful for 
the vein deposits of eastern Nicaragua, in particular. 


Appendix B 
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